Purpose-To examine the prevalence and potential risk factors associated with substance use in adolescents with eating disorders (EDs).
Introduction
Several studies in the adult literature have reported an association between substance use disorders (SUDs) and eating disorders (EDs), with substance abuse present in 12-18% of adults with anorexia nervosa (AN) and 30-70% of those with bulimia nervosa (BN). 1 Significantly fewer adolescents meet criteria for SUDs. However, the relationship between risky substance use and EDs in a clinical population of adolescents has not been wellexamined, despite the fact that problems with eating and substances typically both begin during this developmental period.
There are many common symptoms associated with EDs and risky substance use, including disruption of appetite and satiation, cravings, preoccupation with food, self-destructive behavior, denial, and serious medical consequences. [2] [3] [4] Research might suggest that risky substance use would differ across EDs, given significant differences in their presentation. For example, AN is often characterized by obsessive-compulsive traits, whereas BN is typically better characterized by loss of control. This loss of control, in addition to increased emotional and behavioral dysregulation, has been hypothesized to account for bingeing behavior and corresponding rates of substance abuse. 5 Indeed, impulsive eating and purging behavior frequently precedes substance use. 6 The similarities shared by those with EDs and SUDs suggest a common etiology and may be explained by overlapping genetic, neurochemical, cultural, and social risk factors. 7, 8 These data suggest that addressing the underlying psychopathology in both these disorders may be critical, and treatment in adolescence may prevent deterioration in ED and SUD symptoms. However, few treatment programs address both EDs and substance use, 3 despite the fact that co-occurrence results in greater morbidity and mortality. 9 To date, only four peer-reviewed studies have examined adolescent substance use in clinical samples of EDs. The available literature suggests that approximately two thirds of adolescents with BN have used alcohol and about one third have used tobacco at least once. 10, 11 Another third have used illegal drugs at least once, with marijuana being the most common, followed by cocaine and amphetamines. 10 Across adolescent AN and BN patients, binge-purge behavior was associated with risky tobacco, alcohol, and other substance use, compared to those with restrictive eating patterns. 12 Similarly, girls with bulimic symptoms (i.e. binge eating/purging behavior) had higher rates of substance use than those with primarily restrictive patterns. 11 Indeed, 30% of girls with BN had smoked cigarettes, used marijuana, and were drinking alcohol at least weekly. 11 Qualitative research has found that adolescents with EDs typically use substances to relieve anger, avoid eating, "get away," and relax. 13 Adolescents with binge-purge behaviors used substances more frequently than adolescents with restrictive ED patterns, but both used substances less frequently than the general adolescent population. Two similar studies looking at ED patients with substance use reported associations between substance use and impulsive behavior (ie. stealing, self-harm, attempted suicide) 11 as well as addictive features and psychopathological symptoms (ie. delinquent behavior, aggression, inattention). 12 These findings reflect a similar trend found in the adult literature.
The present study examines the prevalence of substance use by ED diagnosis, including eating disorder not otherwise specified (EDNOS). In addition, demographic characteristics, co-morbid clinical characteristics, and ED-specific characteristics were examined in relation to pattern of use.
We hypothesized that adolescents with more frequent binge-purge behavior, including those with BN, would be more likely to use alcohol and other substances. We also expected that other characteristics associated with BN, including higher percent of expected body weight (%EBW) and less eating restraint would be associated with greater substance use. Consistent with previous research, [14] [15] [16] we expected older age, non-White race, non-intact family status, anxiety, and depression to be strongly associated with heavier substance use.
Methods

Participants
Data were collected from 359 patients, ages 12 -18 years, who presented to the Eating Disorders Program at The University of Chicago Medicine (UCM) for evaluation between September 2001 and April 2012. They were mostly parent-or physician-referred. Eleven cases were missing substance use evaluations, 48 did not have enough substance use documentation, and 10 did not meet criteria for an ED, and thus were dropped. The final sample consisted of 290 cases.
Procedures
All assessments were completed during the intake appointment before the start of treatment and typically lasted 3 hours. Written consent for adult patients or parental/guardian consent and patient assent for child/adolescent patients were obtained. Refusal to consent did not alter patients' assessment or treatment in the clinic. The use of these data was approved by the UCM Institutional Review Board.
Measures
During the initial diagnostic interview, information on the following characteristics was collected: age, gender, race, family structure (intact vs. not), %EBW, ED diagnosis, severity of eating disorder psychopathology (restraint, eating concern, shape concern, weight concern), number of binge/purge episodes in the past 3 months, anxiety disorder diagnosis, and depressive symptoms. Age at the time of initial evaluation was used, and any substance use reported within a few months of evaluation was included. A trained research assistant measured weight and height of all participants using a calibrated digital or balance-beam scale. All patients were weighed in light indoor clothing. Percent EBW was calculated based on the Centers for Disease Control and Prevention growth charts.
In addition, the Eating Disorder Examination (EDE) was administered to assess ED diagnosis, severity of eating disorder psychopathology, and binge/purge episode frequency. Scores on the EDE were used to categorize ED diagnoses based on more inclusive DSM-5 criteria, which our research group had adopted prior to the manual's publication. 17 The Schedule for Affective Disorder and Schizophrenia for School-Age Children (K-SADS) was also administered and used to determine co-morbid anxiety disorder diagnosis and frequency of substance use. Finally, participants completed the Beck Depression Inventory (BDI) to assess depressive symptoms. & Cooper, 1993) . 18 The EDE assesses behavioral and cognitive symptoms of EDs using a semi-structured investigator-led interview. Its scores have good validity, test-retest reliability, and inter-rater reliability. 19, 20 Cognitive symptoms are assessed within a 28-day time frame on a seven point Likert scale (0 to 6), with higher scores indicating greater pathology. Behavioral frequency scores represent actual frequencies of each behavior over the past three months. Together, these yield four subscales with the following Cronbach alphas in this sample: Restraint (.80), Eating Concern (.75), Weight Concern (.82), and Shape Concern (.92).
Eating Disorder Examination-(Fairburn
The EDE generates DSM-IV ED diagnoses with good reliability in adolescents, 21 and recent research demonstrates it can also generate DSM-5 diagnoses with relatively high sensitivity and specificity. 17 Given that some adolescents would meet DSM-5 but not DSM-IV criteria for AN or BN, we used the diagnostic algorithm described by Berg et al. to re-categorize adolescents. 17 EDNOS was recoded as AN if %EBW was below 85, importance of shape or weight was rated ≥ 4, and fear of weight gain was rated ≥ 4 or compensatory behaviors occurred at least once per week. EDNOS was recoded as BN if %EBW was at least 85 and both objective binge episodes and compensatory behaviors occurred at least once per week.
Schedule for Affective Disorder and Schizophrenia for School-Age Children (K-SADS)-
The K-SADS is a semi-structured interview, used to evaluate the presence of substance use and other psychiatric disorders at baseline, according to DSM-IV criteria. It has good validity and high inter-rater reliability. 22 All questions were asked of the child/ adolescent patient. With regard to cigarette use, patients were asked about ever and current use, the greatest amount, the age of regular use, and attempts to quit. Questions specific to alcohol use are aimed at pattern of use (quantity and frequency), and concern from others about drinking. Specific drug use questions ask if patients have ever used cannabis, stimulants, sedative/hypnotics, cocaine, opioids, PCP, hallucinogens, solvents/inhalants, or other drugs. Any affirmative answer about drug use was followed by questions about frequency.
The Beck Depression Inventory (BDI)-
The BDI is a twenty-one item self-report questionnaire designed to assess depressive symptoms, with scores ranging from 0 to 63. 23 Scores over 18 indicate moderate to severe depressive symptoms. It has been used in several adolescent ED populations, has good psychometric properties, and strongly correlates with clinical depression. [24] [25] [26] The Cronbach's alpha in this sample was .92.
Evaluation of Patterns of Substance Use: SUD classification has changed significantly since the collection and classification of this data. Thus, SUD diagnoses were based on DSM-IV criteria, for which very few patients qualified. Details of substance use in patients who did not meet criteria for a SUD were gleaned from the K-SADS interview and notes from their treatment, and these were categorized into the following clinically meaningful categories of substance use: never used, rarely used (i.e. patient describes "trying" or "experimenting" once or twice), or regularly used (frequencies included monthly, daily, or repeated binge use). A similar grouping for risky use in teens has been used in previous studies, 12, 27, 28 and regular use by this categorization has been found to indicate increased risk of developing mood symptoms and disruptive behavior disorders. 27 Statistical Analyses: A chi-square test was used to determine if the proportion of adolescents who had regularly used any substances vs. never used (independent variable) varied significantly according to ED diagnostic category (AN, BN, and EDNOS-dependent variables). Use of "any" substance included alcohol, cannabis, tobacco, sedative hypnotics, cocaine, opioids, PCP, hallucinogens, solvents/inhalants, and other drugs (including prescription stimulants, nitrous oxide, ecstasy, and MDA). The most commonly used substances were examined in separate chi-square analyses, including alcohol, cannabis, and tobacco.
In addition, univariate multinomial logistic regressions were used to evaluate each independent variable (i.e. demographic factors, ED diagnosis, anxiety disorder, BDI, %EBW, EDE scores) as a predictor of each dependent variable (occasional or regular use vs. non-use) of alcohol, cannabis, tobacco, and any substances. Factors for which the overall model was significant at p < 0.07 were entered into a final multivariate multinomial analysis for each of the four substance categories. The dependent variables were pattern of use (occasional or regular use) compared to non-use. SPSS 19.0 package was used for statistical analysis.
Results
The majority of participants were female (90.7%, n = 263), with a mean age of 15.77 ±1.84 years. Most self-identified as White (79.7%, n = 231). The remainder were Black (14.5%, n = 42), Asian (1.4%, n = 4), and Other (2.4%, n = 7). Twenty-eight (9.7%) participants identified as Latino and 256 were Non-Hispanic Whites. There were missing race and ethnicity data on 6 patients. Based on DSM-5, 118 (40.7%) patients met criteria for AN, 37 (12.8%) for BN, and 135 (46.6%) met criteria for EDNOS.
Most reported never using substances (69.3%, n = 201). Lifetime prevalence of substance use was found in roughly a quarter (24.6%, n = 30) of AN, one half (48.7%, n = 19) of BN, and a third (28.6%, n = 40) of EDNOS patients. Regular substance use was found in all diagnostic categories: AN (16.1%, n = 19), BN (32.4%, n = 12), and EDNOS (20.7%, n = 28). Figure 1 shows the proportion of ED adolescents with regular substance use by ED diagnosis. Pattern of substance use did not differ across ED diagnostic groups except for tobacco (χ 2 = 13.551, p = .009), such that adolescents with BN were more likely than those with AN to have used tobacco at least once (rare use) compared to those who had never used substances (B = 1.872, SE = 0.574, OR = 6.500, p = .001). The highest proportion of regular use was found among adolescents with BN, but chi-square tests examining differences between diagnostic groups for regular use were non-significant.
In general, alcohol was the most commonly consumed substance followed by cannabis, tobacco, and cocaine. Of those patients who reported using alcohol, approximately one quarter of them (27.5%, n = 22) described binge drinking. Street drugs were reported at relatively low frequencies, including LSD, mushrooms, ecstasy, and inhalants. A few patients also reported abusing prescription medications: THC pills, sedative hypnotics, opiates, and stimulants on a few occasions.
Only 17 (5.9%) adolescents met full criteria for substance abuse. Cannabis was the most commonly abused substance, followed by alcohol. Other substances of abuse included prescription stimulants, painkillers, and cocaine. Five (1.7%) patients met criteria for dependence with cannabis (n = 3) and alcohol (n = 2).
Univariate Analysis
Univariate models for alcohol, tobacco, cannabis, and any substance compared individuals with rare or regular use to those who had never used (reference category). Overall results from the univariate analyses are listed in Table 1 . Older age and more frequent binge/purge episodes were significantly associated with use of alcohol, cannabis, tobacco, and any substance (p ≤ .05). Non-White race was also associated with greater alcohol and cannabis use (p ≤ .05). Eating disorder diagnosis (BN) and eating-related concerns were significantly associated with increased tobacco and any substance use (p ≤ .07). Having greater shaperelated concerns and non-intact family status were factors specific to tobacco use (p ≤ .07). Male gender was associated specifically with cannabis use (p ≤ .06). Weight-related concerns, eating restraint, %EBW, anxiety diagnosis, and depressive symptoms were not significant or marginally significant (p ≥ .07).
Multinomial Logistic Regression
In the final model examining any substance use, for every one-year increase in age, the OR of substance use was 1.37 (p = .029) for rare and 1.85 (p = .001) for regular use. Age was not associated with ED diagnosis (p = .13), eating-related concerns (p = .51), or binge/purge frequency (p = .14).
For alcohol, regular (OR = 1.9, p = .001) but not rare use (p = .083) was strongly associated with increasing age. Although race did not remain significant in the overall model (p = . 058), non-White youth were more likely to be regular (p = .018) alcohol users compared to White youth.
For cannabis, several significant findings were observed in the final model including age (p = .001), race (p = .002), and gender (p = .024), but not binge/purge frequency (p = .37). For every one-year increase in age, the OR increased by 1.7 for both rare (p = .004) and regular cannabis use (p = .011). Non-White adolescents had an OR of 5.9 (p = .001) for rare and 4.8 (p = .019) for regular cannabis use. Boys were 9.1 times (p = .008) more likely to regularly use cannabis compared to girls, with no significant difference for rare use.
For tobacco, only non-intact family status (p = .064) remained marginally significant. Age (p = .34), eating disorder diagnosis (p = .51), eating-related concerns (p = .41), shape-related concerns (p = .92), and binge-purge frequency (p = .23) were not significant in the final model. This marginal finding showed a trend of adolescents from non-intact families being 3.9 times more likely to regularly use tobacco (p = .026).
Discussion
To our knowledge, this is the largest clinical study of adolescent substance use within an ED sample, and the only study to compare patterns of use by DSM-5 ED diagnoses. One important finding is that 28% of adolescents had regular substance use or a SUD. Regular substance use in adolescents is important to understand because it can lead to substance dependence, interpersonal conflict, and greater psychiatric comorbidity during this transition to adulthood. 28 Therefore, understanding factors associated with regular and risky substance use is needed because early detection and targeted treatment can prevent increased morbidity.
In general, the most frequently used substances were alcohol, cannabis, and tobacco. Cannabis was the most commonly abused substance in those with SUDs, which is consistent with previous reports. 11, 12 Interestingly, the overall prevalence of SUDs in our sample (6%) was lower than that found in an outpatient study of psychiatrically referred adolescents, ages 13-19 years (11%). 29 This may reflect the unique clinical presentation of AN, which comprised about 40% of our sample. Adolescents with AN tended to be younger in this sample, and they generally restricted all forms of substances, including food and alcohol.
Lifetime prevalence of alcohol use was relatively low (27.6%) in our sample compared to reports from a national survey of adolescents (59.8%) with a similar mean age. 28 This finding has been replicated in other studies in ED populations. 13 Our analyses also matched reported national trends of increased regular alcohol, marijuana, or any substance use with increased age, and a greater proportion of older teens reporting regular use and even substance abuse and dependence. 28, 30 BN diagnosis was strongly associated with regular alcohol consumption. However, BN patients had a lower lifetime prevalence of alcohol use (40.5%) compared to BN samples from older studies with a similar mean age (66-67%). 10, 11 This may reflect differences in race and ethnicity, as well as the impact of loosened DSM-5 criteria for BN. The more inclusive criteria for BN in DSM-5 resulted in an increase in patients with these diagnoses who were previously diagnosed with EDNOS. Patients with less frequent binge/purge behavior may demonstrate a less severe form of BN correlating with lower impulsivity and risk-taking behavior associated with substance use. Supporting this hypothesis is that greater frequency of binge-purge episodes was associated with more frequent use of alcohol, cannabis, tobacco, and any substance in the univariate analyses.
The findings for adolescents with higher binge-purge frequencies were robust for tobacco and cannabis, and have been found in previous studies. 11, 12 The prevalence of tobacco (35.1%) and cannabis (29.7%) use in our patients with BN was very similar to that found in previous research. 11, 12 Furthermore, tobacco use was significantly more frequent in patients with BN compared to AN. Although tobacco's appetite suppressant property may help with food restriction in AN, our clinical observation is that adolescents with AN are often too inhibited to put anything in their mouths, including cigarettes. As they transition to adulthood, the clinical picture for AN often changes, coinciding with greater access to substances, including tobacco, which may be used to modulate appetite. Greater tobacco use was also associated with disrupted families, which has also been reported in other studies. 14, 31 In fact, male adolescents from single-parent households have been shown to be at greatest risk for several problem behaviors, including tobacco and cannabis use. 32 Gender differences in socialization processes may place male adolescents under greater pressure to use substances. 33 It is unclear why males in our sample were at greater risk for regularly using cannabis but not tobacco. It is possible that males with eating disorders may present differently than males in the general population, or alternatively our small sample of males may have limited our power to detect differences.
Also consistent with previous research was our finding that racial and ethnic minorities were at higher risk of alcohol and illicit drug use, including cannabis. 16 With regard to alcohol, White teens were less likely to have used alcohol compared to other races, which differs from a national survey of teens showing Blacks less likely to have used alcohol. However, another national study found that those racial/ethnic minorities who used substances were more likely than Whites to transition later to drug abuse with dependence. 28, 34 Several studies have associated cannabis use with anxiety disorders and BN. 27, 35 Previous reports have demonstrated co-morbid anxiety disorders in BN as high as 64 to 71%. 35, 36 We expected to find anxiety disorders to be associated with regular cannabis use, but this trend was non-significant. In a larger community cohort, frequent cannabis use in adolescent girls was found to predict later depression and anxiety, with daily cannabis users having the highest risk. 37 Other studies have examined endocannabinoid involvement in nutrient intake and processing. Anxiety and BN may share a common etiology based on dysregulation of cannabinoid pathways, as endocannabinoid derangement is thought to contribute to development of EDs. 38, 39 Ultimately, age, gender, race, and family structure were stronger, independent factors associated with substance use compared to ED diagnosis or frequency of binge-purge episodes.
The main limitation of this study is that the sample consisted of adolescents seeking ED treatment in a specialized center, limiting the ability to generalize results to other ED populations. Furthermore, even though substance use was evaluated by structured interview, participants likely minimized their use. This study was also limited by the absence of a control group, thus we are unable to draw conclusions about what substance use looks like in adolescents seeking treatment for other psychiatric disorders. In addition, using data from K-SADS-a broad-based structured psychiatric interview-limited the ability to draw comparisons with substance abuse specific questionnaires on adolescents. Lastly, the crosssectional design does not allow evaluation of timing in development of substance use, which would have provided more insight into the etiology of SUDs in adolescents with EDs.
Despite these limitations, this is the largest clinical study of its kind, examining patterns of substance use based on DSM-5 ED diagnoses using gold-standard measures for eating disorders (EDE), general psychopathology (K-SADS), and well-established self-report measures. Future research should examine development of co-morbid SUDs over time, treatments, and practice parameters. NB: chi-square tests examining differences between diagnostic groups for regular use versus no use were non-significant. Table 1 Relationship of Socio-demographic Characteristics, Family Structure, ED diagnosis and severity, anxiety, and depression with Four Substance Categories 
